
(19) United States 
US 2002O1292.04A1 

(12) Patent Application Publication (10) Pub. No.: US 2002/0129204 A1 
Leigh nor et al. (43) Pub. Date: Sep. 12, 2002 

(54) HYPERCACHE RAM BASED DISK (52) U.S. Cl. ............................................. 711/118; 711/154 
EMULATION AND METHOD 

(76) Inventors: Lance Leighnor, Overland Park, KS (57) ABSTRACT 
(US); Brian K. Spomer, Prairie 
Village, KS (US) A computer system (20) utilizes a monitor (24), keyboard 

C d Address: (26), hard disk drive (28), processor (30), computer memory 
iSCRWE SANDERS PEPER MARTIN block (32), and memory based disk emulation device (22) to 
LLP reduce access time for Swap and paging files, thereby 
40 CORPORATE WOODS enhancing the computer System performance. The disk emu 
94O1 INDIAN CREEK PARKWAY, SUTE 1200 lation device includes a device (22) manager (38) operable 

9 to Select the number of logical drives, and a disk emulator OVERLAND PARK, KS 66210-2020 (US s 
N K, (US) (40) operable to cause actual memory devices (44-50) to 

(21) Appl. No.: 09/799,749 appear as the virtual memory of the computer System disk 
9 drive (28). A memory controller (42) divides data bytes into 

(22) Filed: Mar. 6, 2001 data Sets of two or four bits and Saves the data Sets 
simultaneously to the emulation memory devices (44-50). A 

Publication Classification backup battery (52) is provided to power the memory 
controller (42) and emulation memory devices (44-50) in the 

(51) Int. Cl. .................................................. G06F 12/08 event of primary power Supply failure. 

MEMORY 
DEVICE 

34 
36 

CONTROLLER y 22 

DEVICE 38 
MANAGER 

40 
DISK EMULATOR 

MEMORY 
CONTROLLER 

46 48 50 

MEMORY MEMORY MEMORY 
DEVICE DEVICE DEVICE 

52 
42 

POWER SUPPLY 

  



Patent Application Publication Sep. 12, 2002 US 2002/0129204 A1 

DEVICE 38 
MANAGER 

4. 
DISK EMULATOR O 

| 

I 

52 
42 : 

MEMORY 

: 
: 

44 46 48 50 : 

MEMORY MEMORY MEMORY MEMORY 
DEVICE DEVICE DEVICE DEVICE 

  



US 2002/0129204 A1 

HYPERCACHE RAM BASED DISK EMULATION 
AND METHOD 

FIELD OF THE INVENTION 

0001. This invention relates to computer memory and 
data Storage and, more particularly, to high Speed memory 
used to emulate disk drive Storage for paging and Swap files. 

BACKGROUND OF THE INVENTION 

0002 To operate at maximum efficiency, computers 
require large quantities of Storage capacity in the form of 
hard disk drives, which will generally be referred to as 
Storage. ComputerS also require large amounts of random 
access memory (RAM), which will generally be referred to 
as memory. AS programs operate, frequently used files are 
Stored in memory for quick access. That is, programs 
retrieve needed files from memory instead of from the body 
of the disk drive. These files are commonly known as cache 
files, and because memory has an access time in the range 
of 10 nanoSeconds while disk drives have access times 
typically no faster than 5 milliseconds, computer operation 
is Significantly enhanced. However, the architecture of most 
operating Systems limits the amount of usable memory to 
approximately 96 megabytes. Thus, providing additional 
memory beyond 96 megabytes does not appreciably increase 
performance. 
0003) When the memory required for program operation 
exceeds available RAM, the computer creates a virtual 
memory area on the storage disk. Files known as paging or 
Swap files are exchanged between the Virtual memory and 
the actual memory. While the convenient location of the 
Swap files on the disk drive achieves faster access times than 
would be possible if the files were stored on the main body 
of the disk drive, System performance is reduced because of 
the slower disk drive access time. 

0004. In the Windows NT platform, additional memory 
above 96 megabytes is utilized, but many applications 
default to the paging files by design. Thus, System perfor 
mance is also limited by the access time of the disk drive. 

BRIEF SUMMARY OF THE INVENTION 

0005 There is, therefore, provided in the practice of the 
invention a novel memory based disk emulation device, 
which reduces access time, to enhance System operation. 
The emulation device broadly includes an emulation 
memory device, a disk drive emulator, and a memory 
controller. The disk drive emulator makes the memory 
device appear as a disk drive unit to the computer System 
which has its own memory for cache files. The memory 
controller is operable to Save the data to the emulation 
memory device. 
0006. In a preferred embodiment, four emulation RAM 
memory devices are provided, and the memory controller 
divides each byte of the data stream into four data sets of two 
bits each and Saves the data Sets in parallel to the memory 
devices. Each data Set is then Saved on the corresponding 
emulation memory device. Alternatively, the memory con 
troller divides each byte into two data sets of four bits each 
if only two emulation memory devices are used. A device 
manager is provided, and is operable to Set the number of 
logical drives into which the memory devices are divided. A 
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backup power Supply is operatively coupled with the 
memory controller to provide power to the memory con 
troller and memory devices in the event of primary power 
failure. 

0007. It is further contemplated that the memory based 
disk emulation device will be used in a computer System 
having a housing which holds and protects a processor, disk 
drive, computer memory block, and controller. The com 
puter System also includes a monitor and a keyboard. 
0008. It is further contemplated that the memory based 
disk emulation device will be used in a method for Saving 
Swap and paging files. The method includes emulating a disk 
drive's structure within the memory units thus allowing the 
emulation memory device to appear to the computer System 
as an additional physical disk drive. The page and Swap file 
data Sets are then Saved within the corresponding memory 
units. The computer System continues the normal operation 
of Saving cache files to computer memory. 
0009. In one preferred embodiment, the paging or Swap 
files are divided, and four emulation memory devices are 
provided. Each byte in the data stream is divided into four 
Sets of two bits each. Alternatively, two emulation devices 
are provided and the paging or Swap file bytes are divided 
into two data Sets of four bits each. AS desired, the device 
manager divides the emulation memory devices into one or 
more logical drives. 
0010. Accordingly, it is an object of the present invention 
to provide an improved memory based disk emulation 
device for decreasing Swap and page file access times, 
thereby enhancing computer System operation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0011. These and other inventive features, advantages, and 
objects will appear from the following Detailed Description 
when considered in connection with the accompanying 
drawings in which Similar reference characterS denote simi 
lar elements throughout the Several views and wherein: 
0012 FIG. 1 is a schematic, prospective view of a 
computer System, utilizing a memory based disk emulation 
device according to the present invention, and 
0013 FIG. 2 is a block diagram of the memory based 
disk emulation device according to the present invention. 

DETAILED DESCRIPTION 

0014) Referring to the drawings in greater detail, FIG. 1 
shows a computer System 20, including a memory based 
disk emulation device 22 constructed in accordance with a 
preferred embodiment of the present invention. The com 
puter system 20 also includes a monitor 24, keyboard 26, 
hard disk drive 28, processor 30, and computer memory 
block 32. The disk emulation device 22 operates as a much 
faster substitute for the virtual memory which is typically 
formed on the disk drive 28 and which is used for storage of 
Swap and paging files. Because the access time of the 
memory based disk emulation device 22 is significantly leSS 
than the disk drive, the operation of the computer system 20 
is appreciably enhanced. 
0015 The monitor 24, keyboard 26, disk drive 28, pro 
cessor 30, and computer memory block 32 of the computer 
System 20 are generally conventional and are operatively 
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coupled in a known manner to form the computer System. 
The computer system is also provided with a controller 34 
for operative connection of the disk drive emulation device 
22 with the computer system 20. The controller is preferably 
a small computer System interface (SCSI) or Integrated 
Drive Electronics (IDE) having additional ports 36 for 
connection of additional devices which may include addi 
tional disk emulation devices. The SCSI should be the 
fastest available because the disk drive Speed does not limit 
the controller. 

0016. The disk drive emulation device 22 includes a 
device manager 38, disk emulator 40, memory controller 42, 
and an emulation memory device 44. In the preferred 
embodiment shown, the device includes four emulation 
memory devices 44, 46,48.50. Additionally, a backup power 
Supply 52 is inoperative communication with the memory 
controller 42 and the emulation memory devices 44-50 to 
power the memory devices in the event of primary power 
failure. The power supply 52 is preferably a battery backup 
power Supply. 
0.017. The device manager 38, which may be provided by 
the SCSI controller, is operative to select the number of 
logical drives into which the memory devices will be 
partitioned. The device manager may cause the memory 
devices 44-50 to appear as one logical drive or as multiple 
logical drives. The partitioned drives can be the same or 
different sizes. 

0018. The disk emulator 40 comprises a read only (ROM) 
device having a Software program thereon. The disk emu 
lator is operable to make the emulation memory device or 
devices 44-50 appear as at least one disk drive unit to the 
computer System. The disk emulator preferably uses the 
emulation memory devices to appear as an actual disk drive 
in Substantially all respects. 
0019. The memory controller 42 comprises a hardware 
controller having parallel computing capability designed to 
write data from the disk emulator to memory as fast as 
possible. The memory controller is operable to Save data to 
the emulation memory device, and in an embodiment using 
two emulation memory devices, divide a data Stream, 
including paging and Swap files, into first and Second data 
sets and save the first data set in the first memory device 44 
and Save the Second data Set in the Second memory device 
46. Preferably, the memory controller is operable to further 
divide the data Stream into third and fourth data Sets and Save 
the third and fourth data sets on the third and fourth memory 
devices 48, 50, respectively. The memory controller is 
operative to automatically determine whether two or four 
data Sets will be utilized. Alternatively, a user can configure 
the memory controller 42 to divide the data stream into two 
or four data Sets for parallel operation or to Simply Save the 
data to one memory device or a Selected one of the memory 
devices in a Serial operation. 
0020 Preferably, each data set is of identical size, so that 
when two data Sets are used, each byte in the data Stream is 
split into four bits in each data set. When four data sets are 
used, each byte in the data Stream is split into two bits in 
each data Set. Each data Set is Saved Substantially Simulta 
neously to the respective memory devices. Thus, the 
memory based disk drive emulation device 22, according to 
the present invention, Substantially reduces access time 
compared to normal Swap and paging files which are Saved 
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in the virtual memory of the computer system disk drive 28. 
The emulation device 22 also reduces access time by Saving 
the data in parallel to multiple memory devices. When the 
memory controller 42 utilizes two data Sets, the emulation 
device 22 is twice as fast as using a single emulation 
memory device, and when the memory controller utilizes 
four data Sets, the memory device 22 takes only one quarter 
the time of using a Single emulation memory device. 
0021. The memory devices 44-50 preferably comprise 
random access memory (RAM). Specifically, the memory 
devices are static RAM, but dynamic RAM and synchro 
nized dynamic RAM can also be utilized. Each memory 
device includes available amount of memory, and preferably 
each memory device includes at least 64 megabytes. How 
ever, memory devices with 256 megabytes, 512 megabytes, 
or larger are preferred. Additional memory devices can be 
added in parallel to increase the total amount of available 
memory to a gigabyte or larger. The minimum configuration 
would include 128 megabytes of memory and one memory 
device. Thus, the present invention contemplates an arrange 
ment of 1... n memory devices. Preferably, when more than 
one memory device is desired, multiple emulation devices 
with separate controllers would be installed or chained in the 
computer as is normal with SCSI and IDE systems. When 
the device manager 38 partitions the memory devices into 
more than one logic drive, preferably two memory devices 
are used for each logical drive. However, its possible to use 
a Single memory device for one logical drive and three 
memory devices for a Second logical drive. Also, in one 
preferred embodiment, each logical drive is provided by a 
Separate emulation device having a single memory device or 
bank of memory. 

0022. In operation of a program, cache files are saved in 
the computer memory block 32, and when the available 
memory in the computer memory block is exceeded, or 
when the program does So by design, Swap/paging files are 
Saved by the memory based disk emulation device 22. In one 
embodiment, the device manager 38 partitions the emulation 
memory device 44 into the desired number of logical drives, 
and the emulation memory device 44 is used to emulate the 
disk drive virtual memory. In another embodiment, each 
emulation device, if there is more than one, is potentially 
assigned as a different logical drive. The memory controller 
42 Saves the data to the emulation memory device. In the 
embodiment shown, the controller 42 divides the bytes of 
the data Stream into an even number of data Sets, as 
described above, and Saves the data Sets onto the corre 
sponding emulation memory devices in parallel and Sub 
Stantially simultaneously. AS the program continues to oper 
ate, the controller retrieves the data from the emulation 
memory devices as needed. 

0023 The memory based disk emulation device 22 
according to the present invention enhances computer Sys 
tem operation by drastically reducing the access time over 
conventional virtual memory, and utilizes parallel comput 
ing capability to Substantially simultaneously write all data. 
Further, the emulation device 22 also provides substantial 
operational enhancements over conventional disk emulators 
by Virtue of computing which makes the emulation device 
22 at least twice as fast as conventional disk emulators. 

0024. Thus, a memory based disk emulation device 22 is 
disclosed which utilizes emulation memory devices and 
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parallel computing to Simultaneously Save multiple data Sets 
to multiple emulation memory devices, thereby reducing 
access time and enhancing System performance. While pre 
ferred embodiments and particular applications of this 
invention have been shown and described, it is apparent to 
those skilled in the art that many other modifications and 
applications of this invention are possible without departing 
from the inventive concepts herein. It is, therefore, to be 
understood that, within the Scope of the appended claims, 
this invention may be practiced otherwise than as Specifi 
cally described, and the invention is not to be restricted 
except in the Spirit of the appended claims. Though Some of 
the features of the invention may be claimed in dependency, 
each feature has merit if used independently. 

What is claimed is: 
1. A memory based disk emulation device for enhancing 

the performance of a computer System having computer 
memory by reducing access time, the device comprising: 

an emulation memory device including an amount of 
available memory; a disk drive emulator operable to 
make the emulation memory device appear as at least 
one disk drive unit to a computer System, and a memory 
controller operable to Save data from a data Stream in 
the emulation memory device. 

2. The device according to claim 1 further comprising a 
Second emulation memory device including a Second 
amount of available memory, and wherein the disk drive 
emulator is further operable to make the Second emulation 
memory device appear as a hard disk unit to the computer 
System, and the memory controller is further operable to 
divide the data Stream into first and Second data Sets and Save 
the first data Set in the emulation memory device and Save 
the Second data Set in the Second emulation memory device. 

3. The device according to claim 2 wherein the memory 
controller is operable to divide each byte in the data Stream 
into four bits in the first data set and four bits in the second 
data Set. 

4. The device according to claim 2 further comprising a 
third emulation memory device including a third amount of 
available memory and a fourth emulation memory device 
including a fourth amount of available memory, and wherein 
the disk drive emulator is further operable to make the third 
and fourth emulation memory devices appear as hard disk 
units to the computer System and the memory controller is 
further operable to divide the data stream into third and 
fourth data sets and save the third data set in the third 
emulation memory device and Save the fourth data Set in the 
fourth emulation memory device. 

5. The device according to claim 4 wherein the memory 
controller is operable to divide each byte in the data Stream 
into two bits in the first data set, two bits in the second data 
set, two bits in the third data set, and two bits in the fourth 
data Set. 

6. The device according to claim 2 further comprising a 
device manager operable to Set a number of logical drives 
for the memory devices, and wherein the emulator is oper 
able to make the memory devices appear as multiple hard 
disk units to the computer System. 

7. The device according to claim 1 further comprising a 
backup power Supply operative to power the memory con 
troller and the memory device in event of primary power 
failure, and a controller operable to interface with the 
computer System. 
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8. The device according to claim 7 wherein the controller 
comprises a Small computer Systems interface controller 
including additional ports for attachment of additional 
devices. 

9. The device according to claim 1 wherein the memory 
device comprises random acceSS memory. 

10. A computer System comprising: 
a housing: 
a processor held in the housing; 
a monitor operatively coupled with the processor; 
a keyboard operatively coupled with the processor, 
a disk drive held in the housing and operatively coupled 

with the processor, 
a computer memory block operatively coupled with the 

proceSSOr, 

a controller operatively coupled with the processor; and 
a memory based disk emulation device including: 

an emulation memory device; 
a disk drive emulator operable to make the memory 

device appear as a hard disk unit to the computer 
System; and 

a memory controller operable to Save a data Set to the 
memory device. 

11. The System according to claim 10 further comprising 
a Second emulation memory device including a Second 
amount of available memory and wherein the disk drive 
emulator is further operable to make the Second emulation 
memory device appear as a hard disk unit to the computer 
System and the memory controller is further operable to 
divide the data Stream into first and Second data Sets and Save 
the first data Set in the emulation memory device and Save 
the Second data Set in the Second emulation memory device. 

12. The device according to claim 11 wherein the memory 
controller is further operable to divide each byte in the data 
stream into 4 bits in the first data set and 4 bits in the second 
data Set. 

13. The System according to claim 11 further comprising 
a third emulation memory device including a third amount 
of available memory and a fourth emulation memory device 
including a fourth amount of available memory, and wherein 
the disk drive emulator is further operable to make the third 
and fourth emulation memory devices appear as hard disk 
units to the computer System and the memory controller is 
further operable to divide the data stream into third and 
fourth data sets and save the third data set in the third 
emulation memory device and Save the fourth data Set in the 
fourth emulation memory device. 

14. The device according to claim 13 wherein the memory 
controller is operable to divide each byte in the data Stream 
into 2 bits in the first data Set, 2 bits in the Second data Set, 
2 bits in the third data set, and 2 bits in the fourth data set. 

15. The device according to claim 10 further comprising 
a Second memory based disk emulation device including a 
Second emulation memory device; a Second disk drive 
emulator operable to make the Second memory device 
appear as a hard disk unit to the computer System; and a 
Second memory controller operable to Save a data Set to the 
Second memory device. 
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16. A method for Saving Swap and paging files in a 
memory based disk emulation device for use in a computer 
System having computer memory, the method comprising: 

providing a disk emulator operable to make an emulation 
memory device appear as a disk drive unit, emulating 
a disk drive virtual memory with the emulation device; 
Saving a data Set from a data Stream on the emulation 
memory device; and Saving cache files on the computer 
memory. 

17. The method according to claim 16 further comprising 
dividing the data Stream into first and Second data Sets, 
Saving the Second data set on a Second emulation memory 
device, and Saving the first data Set on the emulation 
memory device. 
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18. The method according to claim 17 wherein saving the 
Second data Set comprises Saving the Second data Set in 
parallel and Substantially simultaneously with the first data 
Set. 

19. The method according to claim 18 further comprising 
dividing the data Stream into third and fourth data Sets, 
Saving the third data Set on a third emulation memory 
device, and Saving the fourth data Set on a fourth emulation 
memory device. 

20. The method according to claim 19 further comprising 
partitioning the emulation memory device into multiple 
logical drives. 


